We study Disability Insurance (DI) application behavior in the US using matched SIPP and administrative data over 1989-1995. Certain state-contingent earnings projections and eligibility probabilities are central to the analysis. We find evidence for a small work disincentive effect of DI that seems to be restricted to a subset of the DI beneficiaries, including low earning groups such as blue collar workers and those subject to economic dislocation. Processing time, Medicare value, unemployment, private health insurance, and health shocks are some of the major factors that affect application propensity. The behavioral response of female workers to various parameters of the DI program is found to be quite different from that of males.
Executive summary
We estimate an econometric model of Social Security Disability Insurance (DI) application behavior, using the 1990, 1991, and 1992 panels of the Survey of Income and Program Participation (SIPP) matched to Social Security Administration data for 1989-1995. The resulting matched file captures a rich set of individual-specific antecedents of the application decision, including: demographics, self-reported health and activity limitations, household composition and family finances, earnings histories, program eligibility status, occupational characteristics, diseasespecific Medicare expenditures, and hypothetical DI benefits. Exploiting these data, we focus less on population-wide effects than on subgroup effects with direct policy implications. Statecontingent earnings projections and eligibility probabilities as well as individual-specific benefit calculations are all central to the analysis. The main findings are:
-No more than 37% of DI beneficiaries would return to sustained work if they did not receive DI benefits. Using the labor force participation rate of rejected disability applications as a benchmark, Bound (1990) estimated that less than 50% of the DI beneficiaries would have returned to sustained work were they not receiving DI benefits. When pre-application differences in the labor market attachment of allowed and denied applicants are considered along with the observed * Corresponding author. Tel.: +1 518 442 4758; fax: +1 518 442 4736.
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work efforts by beneficiaries, the estimated work disincentives associated with DI benefits are notably smaller. -Our estimated elasticity of applications with respect to benefit size is significant only for males (0.496). The overall elasticity is small compared to previous estimates based on cross-sectional data, explaining little of the extraordinary DI enrolment growth over the period. -We find significant differences in the effect of DI benefits on applications not only by gender, but by pre-application earnings level. The effect is greatest for low earners. Our findings suggest that the moral hazard problem associated with DI is mainly restricted to males and, among males, it is mainly restricted to low earners, such as blue collar workers and those more subject to economic dislocation or stagnant real wages. Hence, the work disincentive associated with the DI benefit may contribute to recent growth in allowances via the vocational grid, which is often an eligibility path for low earners with blue collar jobs.
We infer that such subgroups may be good candidates for vocational rehabilitation and return-to-work incentives. -Individual medical eligibility probabilities have a substantial direct effect on the propensity to apply. Our estimate of the elasticity is 1.54 -much larger than earlier studies. The findings underscore the fundamental role of medical factors in the application decision, notwithstanding the role of vocational and economic elements for key applicant subgroups. We do not find state level variation in allowance rates to be significant in explaining application behavior at the individual level. -The Medicare variable has a large, statistically significant effect on the decision to apply for DI benefits, with an elasticity of 0.24. Our analysis dispels any presumption that all DI applicants have uniformly high health costs. For example, the costs of persons with cancer or AIDS are several times higher than those of persons with mental problems or a stroke and ten times higher than those of persons with hypertension or deafness. Based on diagnosis-specific cost information, in our sample the average expected value of Medicare for applicants is more than 50% higher than that of non-applicants. The availability of Medicare benefits boosts the average probability of application by nearly 12%. Ours is the first study to capture the effect of the expected value of medical insurance on application behavior. -Local area unemployment rates significantly affect applications.
The elasticity is 0.30 for males and females combined; however, the effect is higher for males (0.42). Our unemployment variable explains a large part of the growth in disability applications in the early 1990s. This finding suggests the need for a policy focus on rehabilitation, return to work (including the Ticket to Work effort), and the vocational grid. -We find a significant effect for variations in processing time across states and over time on applications. The elasticity is significant for males (0.40), but not for females. -Overall, the disability application equation for females is quite different from that for males. Although medical eligibility probability has a significant impact on both females and males, key policy variables like the DI benefits and processing time do not seem to affect female application behavior. This is consistent with the fact that whereas the male labor force participation rate has decreased during last few decades, the opposite is true for women. The singular behavioral response of female workers to parameters of the DI program is intriguing and warrants further research.
Introduction
Disability Insurance (DI) and Supplemental Security Income (SSI) are the two largest federal programs providing cash benefits to people with disabilities. Both are administered by the Social Security Administration. Established in 1954, DI provides cash assistance to people with disabilities (and their dependents or survivors) under the age of 65 who have enough work experience to qualify. Created in 1972, SSI is a means-tested income assistance program that provides monthly payments to adults or children who have disabilities and whose income and assets fall below statutory levels. During 1982 During -2002 , the number of disabled workers receiving benefits under DI doubled (increasing from 2.6 million to 5.5 million), while annual payments quadrupled (increasing from about $13.8 billion to $55.5 billion). By 2002, another 2.8 million working-age individuals with disabilities were receiving $18.5 billion in annual SSI federal benefits. The associated medical costs under Medicare and Medicaid programs for the disabled amounted to an additional $132 billion. Entitlement spending on this scale, growing unabated in more recent years, argues not only for more analysis of economic incentives underlying applications decisions, but also for an expanded focus on the complex procedure for determining eligibility. Not surprisingly, researchers both within the Social Security Administration (SSA) and in academia have been trying to understand the causes of program growth so that policy makers can respond. 1 The growth of the disability programs is the consequence of both decreasing terminations and increasing applications and 1 See, for example, Halpern and Hausman (1986) , Leonard (1986) , Haveman et al. (1991) , Arts and de Jong (1992) , Lahiri et al. (1995) , Kreider (1999) , Gruber and Kubik (2002) , Benítez-Silva et al. (1999) , Hu et al. (2001) , and Autor and Duggan (2006) . Further references are available in recent survey articles by Bound and Burkhauser (1999) and .
awards. The declining death rates of beneficiaries and the lower average age of new awardees are generally considered to be the main reasons for the falling terminations. On the other hand, changes in eligibility rules, the adjudicative climate, and business cycle effects are considered to be the predominant reasons for increasing applications, see Rupp and Stapleton (1995) . The DI Program, like all insurance programs, is susceptible to an unintended consequence-the so-called moral hazard problem. With the male labor force participation rate falling during the last three decades, economists have sought to explain this phenomenon by the availability and increasing generosity of the DI program, cf. Parsons (1980) . Recent economic research on disability has attempted to measure the impact of a few key policy parameters on application behavior, e.g., the disability benefit level, the individual-specific eligibility probability, and the average processing time for disability applications. Here we focus on these factors and many others, but we do so in a way that tests for differential behavior for subgroups within the pool of potential DI applicants. This approach acknowledges and accommodates the heterogeneity of DI applicants.
Historically, researchers have faced a daunting data problem in studying the growth in disability programs. On the one hand, administrative data, tied to day-to-day operations, have no information at all on non-applicants and, for applicants, little socioeconomic information needed to understand application behavior. On the other hand, household surveys provide information on nonapplicants and on a range of socioeconomic details; however, it has been difficult to determine the pool of prospective DI eligibles based on self-reported survey responses. In this paper we study DI application behavior using matched Survey of Income and Program Participation (SIPP) and SSA administrative data files representing 1989-1995.
Our study offers several advantages over previous studies: (1) Most previous studies have used data from the 1960s and 1970s, even though the nature of DI enrollment has dramatically changed since 1984. (2) We match SIPP data with SSA disability determination records in such a way that the majority of our sample members are observed in the survey before the time of application. One endemic problem with almost all studies mentioned above is that application decisions were observed many years before socioeconomic and health information were collected from the survey respondents. For instance, in Kreider (1999) and Kreider and Riphahn (2000) , the disability application dates are 2-7 years before the survey window. (3) The value of Medicare coverage for Social Security Disability Insurance beneficiaries is almost 50% of the average DI benefit level. We have estimated the expected value of medical care under Medicare for each individual by using recent research on disease-specific capitation rates (cf. Ash et al. (2000) ) and used it successfully in the application equation. (4) We pay special attention to pre-application health shocks in the earnings equations such that they are not subsumed as part of unobserved heterogeneity and self-selection. There is a great deal of variation in earnings streams prior to application, and in recovery rates based on the earnings of denied applicants. Moreover, these earnings profiles are not based on self-reports, but are obtained from SSA's Summary Earnings Records (SER) data. (5) Three counterfactual earnings projections are central to the analysis: projected earnings if not applying, if allowed, and if denied. The projection of earnings if not applying used in this paper is based on non-applicants after correcting for application self-selection. Unlike the aforementioned studies we generate the hypothetical benefits if allowed from an SSA benefit calculator, rather than estimating it by regression methods using self-reported data. Typically researchers have generated potential disability benefits for all sample members from the self-reported disability receipts of the beneficiaries. (6) Our sample covers both men and women over the ages 18-64. Most previous studies are restricted on gender/age dimensions due to limitations in sample design, cf. Gruber (2000) . (7) Building on our previous research (see Lahiri et al. (1995) and Hu et al. (2001) ) we pay special attention to the disability determination process in generating the eligibility probabilities. The resulting probabilities are critical in obtaining the correct estimates of other behavioral parameters, especially the medical and vocational factors inherent in the medical determination. After all, as Gruber and Kubik (1997) point out, if the SSA's eligibility determination process were foolproof, there would be no moral hazard problem. (8) Because our final analytical sample is obtained after matching a number of different data sources, we utilize a much larger number of meaningful explanatory variables in all structural equations compared to other studies. For example, we consider variables such as blue collar occupation and occupations with a strength requirement.
The results of this study indicate that the estimated elasticity of applications for men with respect to benefit size is approximately 0.5 which is much smaller than the estimates reported in Kreider (1999) , but similar to those based on time series data, see Bound and Burkhauser (1999) . We find this value to be quite robust to a wide variety of alternative specifications. Furthermore, magnitudes of the effect vary over different groups of individuals classified by gender and by their pre-disability earnings. Our results suggest that the moral hazard problem associated with the Social Security Disability Insurance program is restricted to those with lower earnings during the pre-disability period. Perhaps some low earners may have less attachment to the labor force than those with high earnings, and, of that group, some may be prone to 'shirking'. Furthermore, estimates from our endogenous switching Tobit earnings model indicate that effects of selection are important in modeling earnings for the denied. The results imply that unobserved factors (e.g., taste for work, motivation, skill) affect application and eligibility decisions as well as earnings of the denied. Ignoring these effects would underestimate the true earnings projections of the denied. The direction of these effects and the differential pre-application labor market attachment of the denied and the beneficiaries suggest that the labor supply disincentive effect of DI in Bound (1989) may be overestimated.
Data sources
In this study, we use three major sources of data: the Survey of Income and Program Participation (SIPP), the Master Beneficiary Record (MBR), and the Summary Earnings record (SER). The SIPP is a recurring national survey designed as a continuous series of national panels, with sample sizes ranging from approximately 14,000-36,700 interviewed households. Both the MBR and SER are SSA administrative data files. The MBR contains the information needed to generate Social Security benefit checks under the Old Age, Survivors, and Disability Insurance (OASDI) program. The MBR has one record for each Social Security claim number. An MBR record is created whenever an individual first applies for OASDI benefits and the initial decision is made. Hence the record indicates the final decision regarding the initial claim, including denials, based on information from the 831 data on medical determinations generated by state Disability Determination Service agencies. The SER contains annual summaries of Federal Insurance Contributions Act (FICA) earnings received by individuals. A record is created when a new social security number (SSN) is issued.
The sample used in the core of this study is selected from the 1990, 1991, and 1992 SIPP panels. The 1990 and 1991 panels consist of eight waves covering thirty-two months from late 1989 through early 1992 and from late 1990 through early 1993. The 1992 panel consists of ten waves covering forty months from late 176,217 (69,432, 44,373, and 62,412 observations in the 1990, 1991 , and 1992 panels respectively). We matched these SIPP samples with the MBR in order to obtain disability application and adjudication status, and with the SER to obtain historical earnings records for members of the SIPP sample. Applicants are selected based on the first observable application from the 831 file. The 831 file includes information on application (initial and reconsideration) dates from the late 1970s to the present. Since the paper focuses on applications filed in the 1990s, our application date can be considered to be the very first one. We include both pure DI and concurrent applicants. Concurrent beneficiaries receive SSI as well as DI benefits, reflecting their low income and assets. In order to match SIPP information (health, earnings, employment, etc.) dated prior to application, and also maintain a reasonable sample size, we included DI applicants who were interviewed in SIPP any time during a 32-month window prior to the date of application. Information on the latest allowance status of the initial applications was obtained from the MBR which contains the latest official payment information. The matched MBR files used in the study were extracted in 2002.
In addition, we added information on: occupational characteristics from the Dictionary of Occupational Titles (DOT); workload from DDS Staffing and Workload Analysis (SWA) reports; and staffing, workload, processing time, and demographics at the district office level from the Profiling System Data base (PSD) of the SSA Office of Workforce Analysis. See Hu et al. (2001) for further details on the occupational variables. Since all of the information regarding disability application and adjudication were obtained from the 2002 MBR, they can be considered as final-including reapplications and decisions at the reconsideration and administrative law judge (ALJ) levels. An important issue is how one selects the sample of non-applicants. The disability non-applicant sample of 7375 individuals was selected because they are: (1) at-risk of disability application because they report some type of health condition or limitation, (2) disability insured, 2 (3) non-participants in DI or SSI, and (4) working age (18-64). Even though our initial dataset contains a large number of person-wave observations, our final sample consists of one observation each for a total of 8473 individuals-7376 individuals who have not applied for DI benefits, 381 denied DI applicants, and 716 allowed DI applicants, see Table 1. 2 To be DI insured, a worker over age 30 must have 20 quarters of coverage (based on annual payroll deductions) during the last 40 calendar quarters ending in disability. Special rules apply for younger workers. Selected descriptive statistics for our analytical sample, categorized as non-applicants, denied applicants and beneficiaries, are presented in Table 2 . Compared to non-applicants, the disability applicants tend to be older, poorer, sicker (both mentally and physically), and less educated. It is noteworthy that the number of doctor visits and bed days immediately prior to the disability application is nearly double the average number for non-applicants. In terms of occupation, significantly more applicants come from occupations classified as hazardous, blue collar or having a strength requirement. Also, more non-applicants have some form of health insurance and more family income. Applicants tend to come from high unemployment areas. The socioeconomic status of the applicants on the average is consistently lower than that of the non-applicants. Sharp differences between the denied and allowed applicants (beneficiaries) are also noticeable most of the time. Allowed applicants are sicker than the denied across every measure of health and disability. The net asset position of the denied applicants ($55,201) before application is substantially less than that of the allowed applicants ($69,723) , which in turn is less than that of non-applicants ($84,928) .
3 All the statistics are consistent with our expectations and suggest that disability application behavior is more than a medical phenomenon-it also has social and economic dimensions. However, as we see later, these dimensions do not manifest themselves uniformly for all subgroups within the applicant pool.
Structure of the disability application model
To guide our empirical exploration, a structural econometric model similar to that of Kreider (1999) or a fully dynamic life-cycle model (Rust et al., 2003) is needed to understand the tradeoffs involved in the decision to apply for DI and the role of different explanatory variables that should enter specific equations of the model. Given the latest health status, a DI insured worker is assumed to make a rational decision whether to apply for DI benefits based on a comparison of expected discounted lifetime utility when applying and when not applying. These lifetime utilities in turn depend on expected total income when applying and not applying, at the time of the decision. The expected future income when applying involves not only the expected probability of eligibility, expected DI and medical benefits when eligible and expected subsequent earnings when denied, but also the foregone earnings during the application process. The major components of the application model are: the medical determination (eligibility probability), disability benefit amount, earnings projections, Medicare value, and other exogenous factors. In our model, individual health, socioeconomic incentives and family conditions induce individuals to apply for disability benefits. We include individual health conditions directly from the survey (SIPP) to control for health factors. We also use the following four components to capture the financial incentive for disability application: subjective probability of being allowed, Primary Insurance Amount (PIA), expected future earnings if not applying and expected future earnings if denied
In developing these components, we exploited SSA administrative data to obtain our estimates in several ways. The allowance probabilities were estimated using a disability determination model that we developed in Lahiri et al. (1995) . Whereas other authors have used survey self-reports without demonstrating how their disability screen relates to SSA's definition of disability, we used wide-ranging information on health and disability from separate waves and modules of SIPP to learn how these subjective and objective self-reports can be used to predict the SSA disability determinations, see Lahiri et al. (1995) . To estimate benefits we used a benefit calculator-a modified version of the calculator used by SSA. We then validated the calculator using SSA administrative data. In predicting future earnings we used SSA data, first, to distinguish applicants/non-applicants and allowed applicants/denied applicants and, second, to project earnings based on individual specific earnings histories.
A variable often used to capture the net economic benefit of applying for disability benefits is the so-called 'replacement ratio'. In the DI context, the replacement ratio is typically defined as the ratio of (expected) disability benefits to historical earnings, i.e., Primary Insurance Amount divided by the Average Indexed Monthly Earnings (AIME). The PIA and AIME represent the disability benefit and level of past covered earnings, respectively. The PIA is the monthly benefit amount payable to a worker upon retirement at the normal retirement age or upon entitlement to DI benefits. The PIA is derived from the worker's AIME and is designed to provide a higher replacement ratio to workers with a lower AIME. This replacement ratio seems inappropriate in capturing the effect of the net economic benefit in applying for disability benefits because the AIME does not necessarily reflect future expected earnings after the onset of disability and health shocks.
A more appropriate measure of replacement ratio in the context of disability application is the expected payoff if applying to expected lifetime earnings that one can earn if not applying, see Kreider (1999) . This latter variable is defined as the weighted average of PIA and expected discounted future earnings if denied with expected eligibility probability as the weight. One would hypothesize that the higher the expected payoff, the higher will be the incentive to apply, and the higher the expected earnings if not applying, the lower will be the incentive of application, holding other factors constant. Hence this payoff variable includes not only potential disability benefits and potential earnings if denied; it also incorporates individual specific allowance probability. Unlike the conventional definition of replacement ratio that measures the percentage of long-term historical earnings replaced by disability benefits, this replacement ratio measures the percentage of expected future earnings replaced by disability benefit in a prospective sense. Needless to say, because future earnings for a disabled person are conditioned very seriously by current and past health shocks, projected earnings capacity conditional on current health is more relevant than past earnings in predicting a disability application decision.
In order to construct the replacement ratio variable, we need to predict (1) eligibility probabilities for all sample members including non-applicants, (2) expected labor earnings if not applying, (3) expected labor earnings if denied, and (4) expected disability benefit if allowed. The subjective allowance probability -the probability that an individual will be found medically eligible -is obtained from the disability determination model. This model predicts probabilities based on a sub-sample of disability applicants. Caution is necessary because allowance and application probabilities are expected to be jointly distributed. That is, those who are more likely to be allowed tend to have a higher probability of applying for disability benefits-even after we control for observed characteristics. Unlike Kreider (1999) and Kreider and Riphahn (2000) , we find no such correlation in unobserved heterogeneity in the application and eligibility equations. We offer a justification for this finding in terms of the sequential nature of the disability determination process. Halpern and Hausman (1986) did not allow for this effect in their model.
Unlike other studies, we calculate PIA based on individual past earnings reported in the matched SER file using a benefit calculator modeled on how SSA actually computes benefits. The benefit calculation method actually used by SSA to derive a disability benefit is described in Myers (1993) and the SSA Annual Statistical Supplement (various issues). The first step in calculating the AIME and PIA is determining the number of computation years. The number of computation years for disability applicants equals the number of years that have elapsed since 1950 (or, if later, the year of attainment of age 21) and before the year in which the worker attained age 62 (or earlier if the person dies or becomes disabled) minus the drop-out years. The drop-out years can be between zero and five depending on age at disability (Myers, 1993, pp. 68-71) . The next step is calculating the AIME using the number of years with highest indexed earnings regardless of the beneficiary's age. The indexing year is the second year prior to the year in which the individual attains age 62 (or earlier in cases of death or disability). The average wage for the indexing year is divided by the national average wage in each year to get the factor for that year. Then the factors are multiplied by the actual covered earnings to obtain the indexed earnings. After the indexing, the highest indexed earnings corresponding to the number of computation years are selected and totaled. Then the total is divided by the number of calculating months to obtain the AIME. The last step in calculating the PIA is to put the AIME into a piece-wise linear concave benefit formula involving bend points, which are different based on the calendar year of disability. Then the PIA is rounded to the next lower ten cents.
In calculating the PIA, we assign the disability-onset year by choosing one year after the most recent non-zero earnings in the SER file for those who show recent years of no earning activities. For others who show consistent earnings activity, the year prior to the application is assigned as the disability-onset year. The application years for non-applicants were assigned randomly based on the distribution of applicants over sample years, see Kreider (1999) .
The remaining two variables required to impute the replacement ratio are post-application earnings capacity if not applying and if denied. The strict sequential process of application and adjudication separate the sample into three distinctive groups-nonapplicants, allowed applicants, and denied applicants. We allow for the possibility of joint determination of the application decision and earnings. The observed earnings could be endogenous and they are also observed conditional on the labor force participation status of individuals. Hence, we use an endogenous switching Tobit model in obtaining predicted earnings for applicants as well as non-applicants. The Tobit model is used because for many individuals, particularly women, the recorded earnings are zero in many years.
Our model consists of four equations-application, eligibility, earnings of non-applicants, and earnings of denials:
1. Application (1: apply, 0: else)
2. Medical determination model (1: eligible, 0: else)
Earnings model:
Non-applicants:
Denied applicants:
Since the benefit projections will be done using the actual SSA benefit calculator, we will not estimate the earnings equation for the beneficiaries. Due to sample selection problems, error terms in the eligibility (medical determination) and remaining two earnings equations will be jointly distributed, and are censored. As a result our model contains two Probit, and two Tobit equations. We did not require a two-limit Tobit model because the number of individuals reaching the maximum taxable income was negligible.
Based on the non-linearity in the functional forms implied by von Neumann-Morgenstern expected utility theory, Kreider (1999) has shown that all of the coefficients of this model are technically identified (up to scale for the binary application and eligibility equations) without any arbitrary exclusion restrictions. Since we found that the estimated eligibility probabilities are highly variable across individuals, the application and the earnings equations are identified. Additionally the identifiability of the earning equations can be justified by the joint normal distributional assumption or the non-linearity of the selection equations. Due to the rich and diverse data sources used in this study, assumed non-linearity in the functional from and normality in errors assure identification of all model parameters.
Estimation method
Our model essentially represents a recursive system of multiple equations with correlated errors. The strategy here is to estimate the four endogenous Tobit equations together by full-fledged FIML. The likelihood function of the model is:
Given the complexity of the likelihood function, a good set of starting values is important for smooth convergence without interruptions. Thus we first estimate the model by the twostage method. Then we use two-stage estimates as starting values for FIML. To implement the two-stage method, we rewrite the equations as follows:
where φ(.) and Φ(.) are standard normal density and distribution functions; σ AE , σ An , σ Aα , σ Ad , σ Eα , and σ Ed are error covariance terms of application and eligibility, application and non-applicants earnings, application and allowed applicants earnings, application and denied applicants earnings, eligibility and allowed applicants earnings, and eligibility and denied applicants earnings, respectively. Note that for convenience (and only in the two-stage estimation of the model), we have assumed σ AE = 0 in the third equation above, cf. Maddala (1983, p. 282) . Also, the Heckman-corrected Probit regression above is inconsistent, but the two-step estimates are used as convenient starting values for FIML which is consistent and asymptotically efficient. Two-stage estimates can be obtained by the following sequential steps. First, we estimated the reduced form application equation over the whole sample and obtain two inverse Mills ratio terms (
). Second, the eligibility equation is estimated over the applicant sub-sample including an inverse Mills ratio from the estimated application equation (
), and obtained two additional inverse Mills ratios (
). Third, two separate Tobit earning regressions -one for nonapplicants and the other for denied applicants -are estimated. For the non-applicant earnings regressions, an inverse Mills ratio from the application equation is added: (
). For the denied applicant earnings regression, two inverse Mills ratios -one from the application and the other from the eligibility equation -are added as additional regressors: (
).
Since the structural application equation allows for direct feedback from the eligibility and the earnings equations, as step 1 we estimate the above system using a reduced form application equation. In step 2, we generate earnings projections based on the step 1 estimation after correction for multiple selectivity. In step 3, we re-estimate the whole system after re-specifying the application equation with the estimated eligibility probability and income projections as explanatory variables. The starting values were obtained from a two-step sample selection procedure. Finally, using these estimates as starting values we maximized the likelihood function directly without using the estimated eligibility probabilities and the projected earnings on the right hand side of the application equation. This way, parameter estimates and their standard errors will be consistent.
Imputed value of Medicare coverage
Enrollment in the DI program entitles the disabled worker to Medicare coverage after a two-year waiting period. Under the conventional assumption that a disabled person is expected to have significantly higher health care costs than the non-disabled, the implied insurance value of the Medicare coverage under DI should be an important factor in explaining application behavior. 4 Yelowitz (1998) has attempted to incorporate the incentive effects of Medicaid on SSI participation probabilities by using the average state Medicaid expenditure as a proxy for the value of Medicaid for the SSI recipient. As Bound and Burkhauser (1999) note, since Medicare is a nationally-run program with little variation in per capita expenditure across states, finding a simple relationship between Medicare benefits and application propensity has proven to be difficult. In addition, since the health conditions amongst the disabled can be widely different, the state averages may not accurately proxy the valuation of the health insurance by a specific individual. The value of Medicare for the sick is not just the dollar value of benefits, but also the insurance value. The cost of being uninsured is the possibility of having to pay large medical bills. The individuals having full knowledge of their diseases will be the best judge of such insurance value of the medical coverage, and thus the insurance value will be an important determinant of application propensity, cf. Bound et al. (2005) . By linking 1984 -86 SIPP and 1980 NMCUES data, Moffitt and Wolfe (1992 constructed a family specific ''heterogeneity'' index for Medicaid's value based on individual health status, expected utilization, cost of medical care and other characteristics, and found that it had significant effect on AFDC participation. In this study we estimate the expected cost of medical care for each member in our sample using a different approach.
Since 1985 the Health Care Financing Administration (HCFA), now the Center for Medicare and Medicaid Services (CMS), has sponsored much research to develop Diagnostic Cost Group (DCG) models that make risk-adjusted capitated payments to HMOs that enroll Medicare beneficiaries. DCG models use age, sex, and clinical diagnoses generated from patient encounters with the medical delivery system to predict health-based ''expected cost'' of medical care for an individual due to the presence of a disease. We utilize the DCG/HCC (Diagnostic Cost Group/Hierarchical Condition Category) model of Ash et al. (2000) which incorporates multiple diagnoses in computing the expected health care cost of an individual.
5 The strong predictive relationship between diagnoses and future medical costs for the disabled makes this approach particularly useful in our context, Kronick et al. (2000) .
The DCG/HCC model maps over 1500 diagnostic codes from ICD-9-CM to 118 condition categories (CC) that are medically related, and have similar expected costs. We use the cost estimates for the Medicare beneficiaries under age 65 (Ash et al., 2000, Table 2 ). The cost associated with each condition category is an incremental cost associated with that particular health problem. These are estimated based on regression methods using Medicare's 5% research sample from 1991 and 1992, with over 1.3 million records. The model allows for the presence of multiple conditions and age/sex groups.
The health and disability module of SIPP provides many details on functional limitations, activities of daily living, and instrumental activities of daily living, and diagnostic medical conditions associated with respondent work limitations. Corresponding to each reported limitation, the respondent has the option of choosing up to three of the 30 health conditions (e.g., paralysis, stroke, kidney) that caused it. We mapped these 30 health conditions to one of 118 condition categories of Ash et al. (2000) . In Table 3 we 4 For instance, during 1998, the total Medicare amount spent on Hospital Insurance and Supplemental Medical Insurance was $23,855 million, and the total DI benefits paid to disabled workers, spouses and children was $48,173 million. Thus the ratio of Medicare benefits to total DI benefits was 0.495. In 1990 the ratio was 0.475. (See Social Security Bulletin, Annual Statistical Supplement, 2000).
5 Apart from 112 health condition categories (CC), the model includes 30 age/sex dummies and a number of Age/CC interaction dummies. a Dollar values in the parentheses are the incremental costs (excluding the intercept and age/sex dummies) associated with each particular health condition for disabled Medicare beneficiaries. present the categories with the incremental costs associated with each SIPP condition. Since Ash et al. (2000) provide cost estimates at much finer categories of conditions, whenever necessary, we took a simple average of the finer category costs to assign to the broader SIPP category. For instance, the SIPP health condition # 07 (cancer) corresponds to four neoplasm categories (from metastatic to lower cost cancers) in Ash et al. (2000) . In our sample, the average predicted value of Medicare coverage is $2322. It is $2132 for non-applicants, $3454 for the denied applicants and $3682 for the DI beneficiaries. This latter estimate compares favorably with Ash et al. (2000) where the predicted mean cost for the sample Medicare beneficiaries was $3778. 6 This approach challenges the conventional belief that the disabled uniformly have high health care costs. As expected, the CMS data show that costs for certain conditions are prodigious ($6,653 for AIDS, $3128 for heart trouble, and $3273 for cancer).
6 Utilizing the work of Kronick et al. (2000, However, the costs reported for some conditions -often congenital conditions -suggest that few treatments are available ($242 for blindness; $896 for epilepsy). For other conditions initial trauma-related costs may be substantial, but most bear the much lower costs of ongoing maintenance ($993 for broken bones; $858 for head or spinal cord injuries). Our approach reflects this heterogeneity in expected medical costs across diagnostic subgroups.
Estimation results

Reexamining the disincentive effects of DI
Before modeling the earnings equations for the purpose of projections, we looked at the dynamics of annual earnings of denied and allowed DI applicants 7 years before and after their applications. As noted earlier, we utilized 2002 MBR records to reflect the final decisions on initial claims, including denials, reconsiderations and ALJ adjudications. Hence our earnings estimates will not suffer from an important limitation noted by Parsons (1991) of Bound (1989) that many of the denials could have been in the process of reapplication and appeals. We use SSA 831 files to identify the initial DI applicants that were 35-60 years old at the time of application.
7 Since the applications are scattered over the 1980's and the 1990's, the annual earnings were deflated to 1990 values using national average-wage levels.
The 15-year earnings profiles with the application year at the center for both denied and allowed DI applicants are depicted in Fig. 1 . The so-called ''Ashenfelter dip'' at t = 0 can be explained by the fact that to be eligible to apply for disability the monthly earnings during the five months before application should be below the substantial gainful activity amount (SGA-during 1997 it was $500 per month for the non-blind).
8 Fig. 1 also displays a remarkable difference in the average earnings between the denied and the allowed in the pre-application years. During the 5-7 years before application, whereas the average annual earnings of the allowed was $17,490, it was only $12,939 for the denieda difference of about $4550. Even though the drop in earnings for the denied applicants begins earlier than that of the allowed, the earnings drop for the latter group is much more dramatic during the last two years before application because of its higher preapplication earnings. 9 The denied applicants partly recover their pre-application earnings within 2-3 years, but the recovered level is, on average, almost half the pre-application level. Interestingly, cross tabulations revealed that a vast majority of the denied applicants with low pre-and post-application earnings are women.
In Fig. 2 we also present the percentage distributions of individuals in specific earnings ranges: $0, $1-$6000, $6001-$12,000, $12,001-$24,000, and above $24,000 for the allowed and the denied group separately. The remarkable difference between the two groups in every earnings range is noteworthy. During the 5th year prior to application, 6.15% of the allowed applicants had no labor earnings, and 21.38% earned less than $6000 per year (SGA amount for 1990). By contrast, 17.18% of the denied had no earnings and 38.93% earned less than the SGA amount. Fig. 2 also shows that 50.24% of the denied applicants had no earnings even seven years 7 Unlike in Bound (1989) , since our sample is restricted to DI insured workers, some of the zero earnings cannot be attributed to ''uncovered'' workers, see Parsons (1991) . Also, the age restriction 35-60 avoids the problem of having zero earnings that occur before the first year of working or retirement.
8 Note that the lowest earnings level for the allowed is slightly to the right of the same for the denied because the allowed-denied status is based on the latest MBR records where the earnings were recorded in real time. 9 Using monthly SIPP earnings data during the 12 months before the application, Bound et al. (2003) found that earnings fell by more than 30% for males, while for females the drop was a little less. after the decision and 65.46% had earnings less than $6000 per year. These numbers are somewhat worse than those reported in Bound (1989) . The latter percentage suggests that close to 34.54% of the denied applicants do some amount of gainful labor market activity after their denials. Since the reported health status of the allowed is considerably inferior to that of the denied across all dimensions (see Table 2 ), one can infer that an upper bound estimate of the labor force non-participation effect of the DI program is 34.54% of the allowed if the labor-force participation is defined as earning at least the SGA amount. This is Bound's (1989) methodology where he found using data from the 1970's that fewer than 50% of the rejected applicants work. However, the differential pre-application labor market activity between the allowed and the denied as presented in Fig. 2 clearly suggests that this 34.54% upper bound estimate can be an underestimate. Table 2 shows that the lower level of labor market activity of the denied in the pre-applications years cannot possibly be all explained by worse health including the incidence of chronic, congenital, acute or mental conditions. Given the residual functional capacity, the occupational demands (e.g., WORK_HAZRD, BLUE_COLLAR, PHYSICAL_JOB, and STRENGTH) of the denied applicants cannot explain the discrepancy either because these characteristics are seen to be, in fact, less demanding for the denied group. Thus, there must be other unobservable factors (taste, motivation, etc.) that contribute towards the lower labor market attachment of the denied applicants. Since historically the allowed applicants are seen to be more attached to the labor market, it may be reasonable to expect that the labor market activity of these workers would have continued to be more than that of the denied in the absence of the DI program.
Against this, we have also to factor in the fact that 21.78% of the allowed applicants have had very little labor market activity in the 7th pre-application year (i.e., earning less than $6000 per year). One will not expect this group of people to work in the absence of the DI program. Thus, this observed pre-application history of earnings differentials has to be considered before the denied can be treated as the control group. This is where our assembled data differs substantially from Bound's (1989) , where he found these differences to be ''not dramatic''. When this differential in the (7th year) pre-application labor market attachment between the allowed (100 − 21.78 = 78.22) and the denied (100 − 36.86 = 63.14) is factored in while projecting the expected labor market activity of the allowed in the absence of the DI program, we can conclude that the upper bound effect of the DI program is (78.22/63.14) * 34.54 = 42.78%. Here we are implicitly assuming that the allowed applicants that worked 7 years ago before application would work at the same rate as the denied that were working 7 years before application. As an alternative to this proportional adjustment, one could assume that the additional 15.08% (i.e., 78.22 − 63.14) of the allowed applicants that worked 7 years ago all have very high levels of attachment, so that 34.54 + 15.08 = 49.62% of the DI-accepted population would have worked in the absence of DI. In the latter case, we simply apply the preapplication difference to the post-decision outcomes. Even though the proportional adjustment seems to us to be a more reasonable assumption, we will take the mid-point of these two polar values, i.e., 46.20% as our estimate of the disincentive effect of the DI program.
Note also that in the post-adjudication years, over 9% of the beneficiaries are seen to be working to earn more than the SGA amount per year. This is similar to what Chen and van der Klaauw (2008) found. Fig. 2 shows that in the 7th year after application, 9.61% of the beneficiaries are earning more than SGA amounts. Subtracting this observed labor market participation rate of the beneficiaries from the above estimate (46.20%), we conclude that the DI program could not have deterred more than 36.59% of the beneficiaries from some (SGA) amount of labor market activity. We consider this to be an upper bound estimate because the health shocks that trigger the allowed applicants to apply can safely be assumed to be more severe than those of the denied, and hence, in the post-application period, the earnings differential between the allowed and the denied may be less than that in the pre-application period. This will be trivially true if the SSA work disability screening procedure is even partially valid. If we take zero earnings rather than the SGA amount as the threshold for no labor market attachment, then the upper bound for the DI disincentive effect will be a few percentage points higher.
11 Thus, according to our estimate, the labor market disincentive effect of the DI program in the 90's has been somewhat less than Bound's estimate that not more than 50% of the DI beneficiaries would have returned to sustained work were they not receiving DI.
Earnings equations
The analysis in the previous section makes it clear that the earnings profiles of the denied applicants differ from others in affect the post-application earnings of the denied and the allowed by any significant amount. For instance, during 10 years prior to application, the number of years of non-zero earnings was only 5.99 for the denied and 7.11 for the allowed. Thus, staying out of SGA during the 5-month waiting period is not very exceptional for many of these DI applicants. 11 Chen and van der Klaauw (2008) find the disincentive effect to be even smaller.
This may be due to the inclusion of SSI applicants in their sample. Moreover, their sample does not rule out the pending disability applicants as part of the denied group. characteristics unrelated to health, and it is these characteristics that lead to the low labor force attachment of the denied group. One important issue in modeling pre-application earnings is how much of the drop in earnings should be attributed to selfselection in order to apply for benefits, and what portion should be attributed to health shocks and sudden deterioration in health.
Since we are modeling disability behavior, our approach, following Sickles and Taubman (1986) and Riphahn (1999) , is to introduce as many pre-application health related variables as possible to explain the earnings drop, and the residual is attributed to selfselection. As the dependent variable in the earnings equation, we use average earnings for the first and second year prior to application. In that way the earnings reflect the major part of the drop without being determined by the SGA amount. Two different switching Tobit earnings equations are specified for non-applicants and denied applicants because the denied group seems to be characteristically quite different from the nonapplicants. We attribute the difference in the earnings between the denied and the non-applicants in the pre-application years to both differences in their endowments and also to the processes generating earnings due to the taste for leisure and other unobservables. We, however, introduced the same set of variables in both equations: age (AGE, AGE_45-54), education (SCHOOL_YR), health (USE_AIDS, WALKING, IADL, DOCTOR_VISIT ), past labor force performance (AIME, LABOR_ATTACH, INC_VAR), and others (FAMILY_INC, WHITE_COLLAR). AIME acts like a comprehensive lagged dependent variable representing past earnings. Note that FAMILY_INC is defined as income of other family members, and thus is not endogenous. INC_VAR and LABOR_ATTACH are defined over many years before the first recorded application, and are determined more by health status, skills, and occupational characteristics rather than by self-selection and preference for leisure. Hence INC_VAR and LABOR_ATTACH can be treated as exogenous to current earnings. We report the results of these earnings equation estimates in Table 4 . All estimated coefficients carry expected signs: health problems depress earnings and past work experience predicts current earnings. coefficient of the selection term associated with the application decision is negative, indicating that application selection reduces the observed earnings of the denied. The coefficient of another selection term associated with the eligibility decision is positive, indicating that the eligibility selection further reduces the observed earnings of the denied. Hence the total effect of selection undoubtedly reduces observed earnings, that is, unobserved factors lower observed earnings of the denied. In the absence of the selections, the earnings of the denied should be higher than what is observed. Interestingly, the coefficient of the application selection term in the earnings equation for non-applicants is positive but not statistically significant, indicating that the application selection has no significant effect on the earnings of non-applicants.
The estimates of the selection terms are consistent with our analysis of the pre-application earnings differentials between the allowed and the denied that were found to be mostly unrelated to observable differences in health and occupational characteristics. As we have seen, this creates a problem in using the labor market activity of the denied as a control group for measuring the disincentive effect on DI beneficiaries, cf. Bound (1989) .
While the effect of age in the earnings of the denied is not significant, the effect is large and significant in the earnings of nonapplicants. The effects of past work experience (LABOR_ATTACH, AIME) are large and significant in both regimes. The coefficient of earnings variability (INC_VAR) is highly significant for both groups as well. Among the health variables, USE_AIDS is significant in both equations; in addition, IADL is significant in the non-applicant equation. Overall, the estimated earnings equation for the nonapplicants looks quite conventional, but the fit for the denied is worse. This can be a result of very low average pre-application earnings of the denied coupled with relatively high variability.
Medical eligibility equation
Even though the SSA eligibility procedure is strictly a 5-step sequential process, to keep the estimation complexity manageable, in this paper, we specify the eligibility equation as a reduced form relying on health, demographic traits, occupational factors, and regional variables, see Hu et al. (2001) . The dependent variable is the medical eligibility outcome including reconsiderations, appeals and Administrative Law Judge (ALJ) decisions: 0 for denied, 1 for allowed. We report the FIML estimates in Table 5 .
The estimated coefficient on the selection term associated with the application decision is small and statistically insignificant. Dummy variables representing different age groups (AGE_55+, AGE_45-54, and AGE_35-44) are all positive and significant at the five percent level. The several indicators of disability have major effects on eligibility outcomes; that is, coefficients of IADL, POOR_HEALTH, MENTAL, USE_AIDS, DOC_VISIT, and ACUTE are all positive and statistically significant. The presence of POOR_HEALTH is consistent with Lahiri et al. (1995) and Benítez-Silva et al. (2004) who have shown that self-reported health status matches well with survey indicators of the true SSA disability status. Temporary health problems caused by accidents have negative effects on eligibility outcomes. As noted by Hu et al. (2001) , accident victims seldom satisfy the duration criterion for DI medical allowance.
Disability determination depends not only on the severity of the disability but also on vocational factors, such as worker's age, job characteristics, skill, etc. (see Lahiri et al. (1995) ). Our results indicate that individuals with less hazardous occupations (NON_HAZARD) are less likely to be allowed; further, individuals with physically demanding jobs (PHYSICAL_JOB) or blue-collar occupations (BLUE_COLLAR) are more likely to be allowed. This is consistent with the fact that the proportion of vocational grid allowances has nearly tripled under the DI Program, increasing from 18% to 51% percent of all initial awards during 1983-2004. We include regional variables that represent census regions to capture local adjudicative climate and other unobserved factors. Although it is possible that splitting these regions into smaller districts would yield different results, variations in allowance rates among the census regions are not significant, except for Dallas. Although both past work experience (LABOR_ATTACH) and labor market performance (EARNING_DROP) are not directly relevant for the medical eligibility determination, our results indicate that these variables positively affect the eligibility outcome. Since all DI applicants are required to show that they are unable to engage in substantial gainful activity (SGA) during the five-month waiting period, applicants' earnings during the waiting period are required to be less than the SGA regardless of their pre-disability earnings. Hence, given an applicant's health condition, the higher the pre-disability earnings, the higher is the opportunity cost of application. Furthermore, all applicants are faced with a nonzero probability of denial, and the denial may cause additional costs (e.g., rejected applicants returning to work can face a possible spell of unemployment and less favorable wage offers than if not applying, see Kreider (1998 Kreider ( , 1999 ). So high predisability earnings, given application, indicates that the disability is more severe and the application is more likely to meet SSA's disability criteria. This result is consistent with our previous earnings regression result. The observed earnings of the denied are lower than expected because of both application and eligibility selections. Thus applicants with high observed pre-application earnings are unlikely to willingly self-select into the applicant pool, so we infer that their disability must be severe such that they have little choice but to apply for disability. Note that statutorily SSA does not consider the extent of labor market attachment or earnings drop as part of the determination criteria. Also, the denied status in our data is the final adjudication after appeal. Thus, LABOR_ATTACH and EARNING_DROP, defined over several years before the first application, can be treated as exogenous to the eligibility equation; they are used as convenient proxies for the likelihood that an application will be allowed. Generating precise estimates of individual eligibility probabilities is critical in specifying the application equation.
By contrast, some with lower wages or unemployed due to a plant closing may self-select into the applicant pool with less severe impairments and they are more likely to be denied. In Table 8 we have recorded SIPP information on the evolution of earnings and various employment statuses of the denied and the allowed during the month of application, and 6 months and 12 months before. We see that even though the employment status and personal earnings of all applicants steadily deteriorated over the year, there is a substantial wedge between the allowed and the denied.
Application equation
We report the estimation results of our application equation in Tables 6 and 7 . The dependent variable is application status: 0 for non-applicants and 1 for applicants. Apart from including a large number of variables representing economic incentives and health, the specification includes many demographic and economic characteristics of individuals and also region and timeinvariant variables. Following Kreider (1999) the expected payoff variable, PAYOFF_APPLYING, defined as ELIGIBLE_PROB*DI_BENEFIT + (1-ELIGIBLE_PROB)* EARNINGS_DENIED, is included to capture the effect of disability program generosity on application. We introduce the payoff variable as a composite variable (Table 6 ) as well as three of its constituent components (Table 7 ). In the Table 7 equations, the benefit-amounts variable (DI_BENEFIT ) is interacted with dummies representing pre-disability earnings levels. 13 Our results indicate that there are significant variations among different demographic groups in their propensities to apply for disability benefits. A number of health variables including LIFTING, WALKING, IADL, BED_DAY, DOC_VISIT, ACUTE, and CONGENITAL are significant. Also, disabled people from metro areas are less likely to apply, possibly because there are better job prospects or more accommodations in metro areas. In either event, better options for persons with disabilities in urban areas may reduce dependency on disability benefits. Higher education (SCHOOL_YR) has a negative impact and age dummies (AGE_55+, AGE_45-54, and AGE_35-44) have positive impacts on the application. In particular, AGE_55+ may reflect the waning health of aging blue collar workers, in combination with the special provisions of the vocational grid which takes into account age, education, and work experience in determining medical eligibility. Whites are less likely to apply than are non-whites. Both married (MARRIED) and never married (NEVER_MARRID) are less likely to apply than those divorced or widowed. Having life insurance (LIFE_INS) has a negative effect on application, perhaps suggesting that those with life insurance may be more conscientious about preventative health care. It may also suggest a positive relationship between risk aversion and disability behavior. As expected, net assets (NET_ASSET ) have a negative impact on the application as well, suggesting that healthimpaired people with high financial assets are less likely to apply for DI. This result is consistent with the dramatic fall in earnings of the disability applicants 12 months before the application date as reported in Fig. 1 and Table 8 . See also Bound et al. (2003) .
The effect of local unemployment rate is positive and significant, consistent with Rupp and Stapleton (1995) . Note that our UNEMPLOYMENT variable is defined at the level of Social Security District Office (DO). Since there are more than 1000 DO's in the continental US, ours is a much more refined measure of local area unemployment than the state level unemployment and may be picking up some social interaction effects. It is worth noting that 13 Four groups are defined by their average Social Security earnings in the 4th and 5th years prior to application-less than $6000, above $6000 but less than $12,000, above $12,000 but less than $24,000, and above $24,000 per year. we spent considerable effort testing the significance of a number of unemployment/lay off variables from SIPP prior to application, but quite surprisingly these individual-level employment-status variables were not significant in the regression. This may be due to the fact that over 25% of the applications were already out of the job market one year before applications (see Table 8 ).
Having health insurance (HEALTH_INS) deters disability application. Many authors have emphasized the role of this variable in the application equation; see Kreider and Riphahn (2000) and Gruber and Kubik (2002) . As we can see from Table 2 , whereas 80% of non-applicants have health insurance, only about 65% of the applicants have the coverage. Most interestingly, in Table 8 , we find that loss of health insurance observed during one year before application greatly affects the desire to apply. It seems many workers with less severe impairments are tempted to apply for disability in order to get health insurance coverage. Of course, the loss of health insurance can be associated with the loss of job too. This is one pathway through which the imputed disease-specific Medicare cost variable affects the application propensity. Our MEDICARE variable, representing the expected insurance value of MEDICARE coverage for a worker with specific medical conditions, is highly significant and found to affect application propensity positively. MEDICARE turned out to be one of the very robust explanatory variables across many specifications, and its presence did not affect the sign and significance of other covariates of the model.
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The effect of disability application processing time (WAIT-ING_TIME) is negative and statistically significant. This effect has 14 Note that for risk averse individuals facing uncertain medical costs, the true utility value of Medicare is likely to be underestimated by these 'expected costs', see Rust and Phelan (1997) . The last four variables are DI_BENEFIT for applicants with earnings less than $6000, $6000-$12,000, $12,000-$24,000 and more than $24,000 respectively based on average earnings for the 4th and 5th year prior to application. All other explanatory variables used in Table 7 were also included in these regressions, but not reported to save space. been magnified by the lengthy processing delays that are thought to be largely the result of an SSA staffing reduction of 27,000 (over 30%) during the past thirty years-a period during which disability applications have grown markedly. Obviously long processing times provide a measure of the extent to which recent applicants have been poorly served. It increases the foregone earnings while applying. However, our finding suggests another subgroup that may be ill served by processing delays, namely those who may defer applying due to long processing times because they cannot afford the foregone earnings. Thus, while long waiting times are a critical issue of public concern, we find evidence that they affect application propensity negatively and acts as a screening mechanism that may not be target efficient. While workers with high potential earning capacity (INCOME_NOT_APPLYING) are less likely to apply for benefits than are those with low potential earnings capacity, the coefficient of the expected-payoff variable (PAY-OFF_APPLYING) is positive and significant at the five percent level -indicating, as expected, that higher benefits affect decisions to apply and, hence, program growth. In Table 7 , we report estimates from an alternative specification of the application equation. In this instance, the expected payoff variable is decomposed into its three components, and the disability benefit amounts (DI_BENEFIT ) are interacted with dummies indicating levels of pre-disability earnings. The coefficient of individual-specific eligibility probability (ELIG_PROB) is large and statistically significant. It is interesting to note that conditional on ELIG_PROB, the state level denial rate as in Gruber and Kubik (1997) was found to be not significant. This seems to suggest that if the individual specific eligibility variable is appropriately specified, the state-level aggregate denial or allowance rate loses its power in explaining application decisions. The counterfactual earnings of nonapplicants (INCOME_NOT_APPLYING) negatively affect the application decision. When we looked at their marginal effects evaluated at the mean values of variables, this effect appears to be much stronger with males than with females. The coefficient of another counterfactual earnings variable (viz., EARNINGS_DENIED) is not significant either for males or females. To focus attention on subgroups at different levels of pre-disability earnings we estimated separate coefficients of benefit amounts for these groups, finding interesting variation among the groups. The magnitude of the coefficients is the largest for groups with the lowest pre-disability earnings and the smallest for groups with the highest pre-disability earnings. These results are observed for both the male-female combined sample and the male-only sample, and indicate that, on average, the disincentive effects of the disability program are more marked for those with little labor force attachment or with low skills. The evidence is consistent with Autor and Duggan (2003) who have argued that the DI program has provided many lowskilled, low-earning workers with a viable alternative to employment. We also note from Welch (1997) that, among males, it is those with the lowest educational attainment that experienced the largest reductions in real earnings during 1967-1992. The evidence suggests, then, that low-skilled, low-earning workers may be promising targets for future rehabilitative and return to work initiatives. On the other hand, our results suggest that the highearning applications are triggered more by health shocks. Thus, the program growth among the high earners may be affected more by future medical advances, prevention, and medical rehabilitation. But for low earners, employment shocks, economic dislocation, and other economic events may also play a major role.
Policy simulations
In this section, we report results of simulations with respect to four policy variables-benefit size (DI_BENEFIT ), medical eligibility probability (ELIG_PROB), processing time (WAITING_TIME), and Medicare value (MEDICARE). Using estimated coefficients under two alternative specifications, we predict mean application rates corresponding to hypothetical policy changes. We report simulation results over the male-only sample as well as the entire sample. Based on the composite variable specification (PAYOFF_ APPLYING in Table 6 ), the base probability of application for the entire sample is 12.9%, see Table 9A . For the entire sample, the rate of application falls from 12.9% to 11.53% for a 20% decline in the benefit size (DI_BENEFIT ). The elasticity of application with respect to benefit amount is 0.56, which is smaller than the estimates reported in Kreider (1999) but similar to those based on time series data (see Bound and Burkhauser (1999) ). Note that our sample includes both female and younger age groups, that is, it includes all working age adults, 18-64.
For the entire sample, elasticity estimates with respect to ELIG_PROB, WAITING_TIME, UNEMPLOYMENT, and MEDICARE, are 0.16, 0.32, 0.24, and 0.24, respectively. During December 2000 to June 2003, the unemployment rate increased steadily from 3.9% to 6.2%-an increase of 59%. During 2000-2004, the worker disability applications increased by nearly 23%. Thus, our estimated application elasticity of 0.24 with respect to the unemployment rate implies that almost 14% of the 23% increase in disability applications can be explained by the worsening of the unemployment situation over this period. During 1990-1998, the amount reimbursed per person served under Medicare (in constant dollars) increased by 11.7%. During the same period, the DI applications grew by 9.5%. Thus, our estimated MEDICARE elasticity of 0.24 would imply that 2.8% of the 9.5% growth in applications (i.e., almost 30%) can be explained by MEDICARE alone.
Under the alternative specification of Table 7 , we separate our sample into four groups by their past earnings-the average of their 4th and 5th years prior to application. Simulation results for the entire sample are reported in Table 9B , and for the male-only sample in Table 9C . Elasticity estimates with respect to DI_BENEFIT for the entire sample ranged from 0.12 to 0.20, depending on the group. The largest response to a DI_BENEFIT change was observed in the group with the lowest earnings. A 20% decrease in benefit amounts reduced the application rate from 15.48% to 14.87% for the lowest-earnings group, while it reduced the application rate from 9.6% to 9.3% for the highest-earnings group. During 1989 During -2004 , the number of DI applications increased by over 117%. During the same period, the DI benefit has increased nominally by 60.8%. Thus, these low estimated application elasticities with respect to DI benefits explain no more than approximately 10% of the increase in disability applications during this period. Simulated responses with respect to changes in eligibility probabilities are large, and elasticity estimates range from 1.23 to 1.99, depending on the group. Interestingly, the simulated response with respect to changes in eligibility probability was found to be the largest for the group by the highest earnings and the lowest with the group by lowest earnings. The base probability of application for the male-only sample (Table 9C) is 15.22%. The response in application rate with respect to a 20% decline in benefit amounts is larger in this sample than in the entire sample (13.83, compared to 12.45%). The elasticity here with respect to benefit size is 0.71, a relatively high value. Similarly, the elasticity estimates with respect to ELIG_PROB, WAITING_TIME, UNEMPLOYMENT, and MEDICARE for the male-only sample are slightly larger than those for the entire sample; they are 0.17, 0.47, 0.30, and 0.25, respectively. Simulation results with the male sample suggested again that those who are more attached to the labor force respond to the individual eligibility probability more.
In Table 10 , we have summarized the elasticities of male and female applications with respect to important policy parameters. Eligibility probabilities and the Medicare value are important for both males and females. However, women do not seem to respond to changes in DI benefit size, unemployment, or processing time. The rather small but significant application propensity elasticity of almost 0.5 for males with respect to DI benefits is consistent with the emerging evidence based on data from the 1990's; see, for instance, Ellwood (2001) , Campolieti (2004) , Bound et al. (2005) , and Chen and van der Klaauw (2008) . Thus, the major reason for the continuing increase in disability enrollment is not increasing generosity of benefits, but rather a more accepting adjudicative climate as conditioned by the political and legal system, the need for health insurance, and structural changes in the economy such as declining job opportunities for low skilled workers, cf. Autor and Duggan (2003) .
Women, like men, appear to respond to medical factors (eligibility probabilities and Medicare value), but, unlike men, they appear unresponsive to financial variables (DI benefit size and the unemployment rate). This is consistent with the fact that the time profiles of aggregate labor force participation rates (LFPR) for men and women have been quite different over the last few decades; whereas it has steadily declined for men, the opposite is true for women, see Ellwood (2001) . Moreover, DiCecio et al. (2008) report that (i) unlike men, the LFPR for women is much less responsive to business cycles, and (ii) it is three times more volatile than the LFPR for men. The latter two stylized facts may suggest that for various reasons many women workers, including those with health impairments, tend to move in and out of the labor force for reasons that have little to do with economic incentives like the benefit level and processing time. Certainly women have lower earnings than their male counterparts, on average, and for that reason they are eligible for lower DI benefits, cf. . Beyond that, we surmise that to understand women's application behavior it may be necessary to consider their decisions in a family context, taking into account marital status, family composition, any earnings of the spouse, and family asset holdings.
Conclusions and implications for policy
Building on Lahiri et al. (1995) and Hu et al. (2001) , in this paper we estimate an econometric model of DI application behavior, using the 1990, 1991, and 1992 panels of the Survey of Income and Program Participation (SIPP) matched to SSA data for 1989-1995. The resulting matched file captures a rich set of individualspecific antecedents of the application decision, including: demographics, self-reported health and activity limitations, household composition and family finances (SIPP); earnings histories (SER); program eligibility status (MBR and 831); occupational characteristics (DOT); disease-specific Medicare expenditures (DCG/HCC data from CMS); and hypothetical DI benefits (SSA benefit calculator). Exploiting these data, we focus less on population-wide effects than on subgroup effects with direct policy implications. State-contingent earnings projections and eligibility probabilities as well as individual-specific benefit calculations are all central to the analysis. The Dictionary of Occupational Titles (DOT) data allow us to identify the blue collar workers with certain special occupational characteristics, a key subgroup of interest to policy makers and researchers. The main findings are:
• Not more than 37% of DI beneficiaries would return to sustained work if they did not receive DI benefits. Using the labor force participation rate of rejected disability applications as a benchmark, Bound (1989) concluded that less than 50% of the DI beneficiaries would have returned to sustained work were they not receiving DI. When the pre-application differences in the labor market attachment of the allowed and denied applicants are considered together with the observed work efforts by the beneficiaries, the estimated work disincentives associated with DI benefits are notably smaller. Our estimates use more recent data from the 1990's and Social Security earnings records many years before and after disability applications. Moreover, our matched data does not suffer from some of the data problems in Bound (1989) that were raised by Parsons (1991) .
• Our estimated elasticity of applications with respect to benefit size for the whole sample (both male and female) is only 0.171. This is small compared to estimates based on cross-sectional data, and explains little of the extraordinary DI enrollment growth during the last fifteen years. For females the effect is non-significant, but for males it is 0.496 and significantsomewhat smaller than estimates from Halpern and Hausman (1986) or Kreider (1999) , but similar to those based on time series data, cf. Bound and Burkhauser (1999) .
• We find significant differences in the effect of DI benefits on applications not only by gender, but by pre-application earnings level. The estimated coefficient of the DI benefit is negatively correlated with average earnings 5-6 years before application. The effect is greatest for low earners. Thus, our findings suggest that the moral hazard problem associated with DI is mainly restricted to males and, among males, it is mainly restricted to low earners, such as blue collar workers and those more subject to economic dislocation or stagnant real wages. Hence, the work disincentive associated with the DI benefit may contribute to recent growth in allowances via the vocational grid, which is often an eligibility path for low earners with blue collar jobs. We infer that such subgroups may be good candidates for vocational rehabilitation and return-to-work incentives.
• The individual medical eligibility probabilities for DI benefits have a substantial direct effect on application propensity. In our preferred specification, the elasticity is approximately 1.54-much larger than those reported by Kreider (1999) and Halpern and Hausman (1986) . The findings underscore the fundamental role of medical factors in the application decision, notwithstanding the role of vocational and economic elements for key subgroups within the applicant pool. Interestingly, unlike Gruber and Kubik (1997) , we do not find the state level variation in the allowance rate (average screening stringency) to be significant in explaining application behavior at the individual level, although it is possible that the individual eligibility probabilities have a dominant state-level component.
• The Medicare variable has a large, statistically significant effect on the decision to apply for DI benefits, with an elasticity of 0.24. Our analysis dispels any untested belief that all DI applicants have uniformly high health costs. For example, the costs of persons with cancer or AIDS are several times higher than those of persons with mental problems or a stroke and ten times higher than those of persons with hypertension or deafness. Based on diagnosis-specific cost information, in our sample we find that the average expected value of Medicare for applicants is more than 50% higher than that of nonapplicants. Furthermore, the effect of Medicare boosts the average probability of application by nearly 12%. Ours is the first study to capture the effect of the expected value of medical insurance on application behavior.
• Local area unemployment rates significantly affect applications.
The elasticity is 0.30 for males and females combined; however, the effect is much higher for males (0.42). The unemployment effect is very similar to that obtained by Rupp and Stapleton (1995) , who used state level data for 1989-92. Our unemployment variable explains a large part of the growth in disability applications in the early 1990s. This finding suggests the need for a policy emphasis on rehabilitation and return to work, including the new Ticket to Work effort. In addition, we need more analysis of the vocational grid-the special provision of the disability determination process used for older, blue collar workers-to establish its role in recent program growth, see Autor and Duggan (2006) as well as Chen and van der Klaauw (2008) .
• We find a significant effect for variations in processing time across states and over time on application behavior. The elasticity is not significant for females, but is significant for males (0.40). This effect was significant in studies that used data from the 1970s, but was not significant in studies based on data from the 1990s.
• Overall, the application equation for females is quite different from that for males. Although medical eligibility probability has a significant impact on both females and males, key policy variables like DI benefits and processing time do not seem to affect female application behavior. The singular behavioral response of female workers to parameters of the disability insurance program is intriguing and warrants further research. 
